There is limited information about normal eosinophil counts in the gastric mucosa. The purpose of this study was to evaluate the histopathology of 60 patients whose biopsies showed increased eosinophils in the gastric mucosa. We also investigated the eosinophil content in gastric biopsies from normal controls (matched for age, sex, and zip code), from patients with Helicobacter pylori gastritis, and patients with Crohn's disease. Eosinophils were counted in five random high-power fields (HPFs) and reported in eosinophils/mm 2 . Involvement of the muscularis mucosae or submucosa, sheets of eosinophils, and infiltration of the gastric epithelium were also evaluated. The median eosinophil count in the study patients was 539 eosinophils/mm 2 ; mean±SD ¼ 653±418 eosinophils/mm 2 ; range 127-2108. Sheets of eosinophils were seen in 38 patients, 27 showed involvement of the muscularis mucosae or submucosa. There were 7 patients without epithelial infiltration by eosinophils, whereas 34 were tallied as rare and 19 were scored as abundant. No study patient had no evidence of H. pylori. The mean eosinophil count for the 135 normal controls was 15.5 ± 16.8 SD eosinophils/mm 2 (range 0-110); in the 93 controls with H. pylori gastritis the mean eosinophil count was 25 ± 32.6 SD eosinophils/mm 2 (range 0-219); and for the 53 controls with Crohn's disease it was 31.4 ± 44.4 SD eosinophils/mm 2 (range 0-203). There were no significant differences between the counts in biopsies from the antrum and corpus, and no significant variations by age, geographic location, or season. This study confirms that, in the United States population, the normal gastric eosinophilic counts are usually o38 eosinophils/mm 2 . We recommend 'histological eosinophilic gastritis' for the diagnosis of gastric biopsies that show an average density Z127 eosinophils/mm 2 (or Z30 eosinophils per HPF) in at least five HPFs in the absence of known associated causes of eosinophilia.
. Involvement of the muscularis mucosae or submucosa, sheets of eosinophils, and infiltration of the gastric epithelium were also evaluated. The median eosinophil count in the study patients was 539 eosinophils/mm 2 ; mean±SD ¼ 653±418 eosinophils/mm 2 ; range 127-2108. Sheets of eosinophils were seen in 38 patients, 27 showed involvement of the muscularis mucosae or submucosa. There were 7 patients without epithelial infiltration by eosinophils, whereas 34 were tallied as rare and 19 were scored as abundant. No study patient had no evidence of H. pylori. The mean eosinophil count for the 135 normal controls was 15.5 ± 16.8 SD eosinophils/mm 2 (range 0-110); in the 93 controls with H. pylori gastritis the mean eosinophil count was 25 ± 32.6 SD eosinophils/mm 2 (range 0-219); and for the 53 controls with Crohn's disease it was 31.4 ± 44.4 SD eosinophils/mm 2 (range 0-203). There were no significant differences between the counts in biopsies from the antrum and corpus, and no significant variations by age, geographic location, or season. This study confirms that, in the United States population, the normal gastric eosinophilic counts are usually o38 eosinophils/mm 2 . We recommend 'histological eosinophilic gastritis' for the diagnosis of gastric biopsies that show an average density Z127 eosinophils/mm 2 Keywords: eosinophil; eosinophilic gastritis; eosinophilic gastroenteritis; gastric biopsy; normal eosinophil count; stomach When confronted with a biopsy showing 'greater than normal' numbers of eosinophils in the gastric mucosa, a pathologist has limited available resources that can help decide whether or how to report this finding: non-standardized descriptions found in case reports, [1] [2] [3] [4] [5] or brief sections in textbooks. 6 Surprisingly, the normal eosinophilic content in the lamina propria of the gastric mucosa has rarely been investigated. [7] [8] [9] No consensus exists on specific limits for normality and, consequently, there are no guidelines as to what constitutes an excessive number of eosinophils in gastric mucosal biopsies. Although acknowledging this uncertainty, the updated Sydney system specifically stated that intraepithelial eosinophils must always be viewed as abnormal. 10 Increased numbers of eosinophils in the lamina propria have been reported after eradication therapy for Helicobacter pylori, 11 in reactive gastropathy caused by certain drugs, 12 and in focal responses to tissueinvading parasites, particularly Anisakis spp. larvae. 13 Increased gastric eosinophils can also be identified in patients with the rare eosinophil-associated gastrointestinal disorders. 14, 15 In these situations, it has been suggested that the term 'mucosal eosinophilia' be used when the increase in eosinophils is limited to the lamina propria, reserving the designation of 'eosinophilic gastritis' for cases in which eosinophils infiltrate the surface or foveolar epithelium, the muscularis mucosae or the submucosa, or other mucosal damage (such as foveolar hyperplasia, architectural distortion, significant chronic, or active inflammation) is present. 16 The purpose of this study was to characterize the histopathology of gastric biopsies with increased eosinophils. We then aimed to synthesize these findings into a diagnosis of 'histological eosinophilic gastritis.' In addition, we sought to determine the normal range of gastric mucosal eosinophils in a geographically varied North American population.
Materials and methods

Study Setting
This study was conducted at Caris Life Sciences, a specialized gastrointestinal laboratory receiving specimens from gastroenterologists operating in private outpatient endoscopy centers across the United States. The study was approved by the Caris Institutional Review Board. Because all data in this study were collected entirely by reviewing existing de-identified records, no direct contact with either patients or providers was involved, and no individual information is revealed in any form, this study was considered exempt from the need for informed consent from participants.
Patients and Controls
We analyzed electronic data from the Caris database, which includes demographic and clinical information for each patient, a summary of the endoscopic findings or the entire endoscopic report, the site of origin of each specimen, and the histopathology report for each biopsy. To identify the records for eligible patients, we extracted data for all patients who had at least one gastric biopsy submitted to Caris between 1 January 2008 and 31 December 2009. By electronically analyzing the histopathology reports and using additional search terms and Boolean logic in Visual Basic for Applications, we collected all gastric biopsies in which either the diagnostic line of the pathology report or the comment mentioned 'eosinophils.' For the Boolean search we used all variations of the root 'eosinoph*,' and reviewed manually reports that appeared to be of interest. To identify the normal gastric mucosal eosinophil content, we selected two to three normal control subjects for each study patient; to account for potential reported variations, 17, 18 normal controls were matched for age (±1 year for children and ±2 years for adults), sex, and zip code, and had histologically unremarkable gastric biopsies. In addition, we counted gastric mucosal eosinophils in a set of 93 sex-and age-matched patients with H. pylori infection confirmed by immunohistochemical staining, and in 53 sex-and age-matched patients with chronic active ileitis or colitis and a clinical history or suspicion of Crohn's disease. Patients with focally enhanced gastritis were excluded.
Histopathology
Hematoxylin and eosin stained gastric biopsy slides from all study patients and controls were reviewed. Eosinophils in the lamina propria were counted in five random high-power fields (HPFs) 9 per biopsy specimen using an Olympus BX41 microscope with a UPlan FLN 40X/0.75 lens and an FN 22 eyepiece; this 'HPF' includes an area on the slide of 0.237 mm 2 . The density of eosinophils was then reported in eosinophil/mm 2 . Involvement of the muscularis mucosae or submucosa, and sheets of eosinophils were noted as present or absent. Infiltration of the gastric epithelium was scored on a scale of 0-2 (absent, mild or rare, and marked or abundant). All specimens were also stained with the immunohistochemical stain for H. pylori (Cell Marque, Rocklin, CA, USA).
Results
Patients
A total of 248 307 unique patients had gastric biopsy specimens diagnosed in our laboratory during the 2 years of the study. Increased gastric mucosal eosinophils were mentioned in the histopathology reports of 71 patients. After reviewing the slides, 11 of these patients were found to have patchy or minimal eosinophils in the lamina propria with no epithelial involvement, and were not considered diagnostically appropriate for inclusion. Thus, there remained 60 study patients, for which 135 appropriately matched controls were selected. Demographic information on the study patients is found in Table 1 . There were 10 children (2 girls and 8 Table 2 . Epigastric pain was the most common presenting manifestation in both adults and children, followed by reflux disease and dysphagia. Endoscopically, the most common findings were a normal stomach or erythema and gastritis, with or without erosions. The clinical and histopathological findings in each of the 60 study patients are depicted in Table 3 .
Histopathological Features of Eosinophilic Gastritis
The histological findings in gastric biopsies of study patients are summarized in Table 4 . The median eosinophil density was 539/mm 2 ; mean±SD ¼ 653 ± 418/mm 2 ; range 127-2108. Figure 1 shows an antral biopsy with markedly increased eosinophils. All patients had eosinophilic clusters scattered in the lamina propria. Sheets of eosinophils ( Figure 2) were seen in the biopsies from 38 (63.3%) patients. The gastric epithelium was infiltrated by eosinophils in 53 (88.3%) patients ( Figure 3) ; the epithelial involvement was scored as abundant in 19 cases and rare in 34. In contrast to neutrophilic processes (eg, as in H. pylori infection), eosinophils tended to surround the foveolae and infiltrate their epithelium, but virtually never spilled into the lumen to form eosinophilic 'pit abscesses' (Figure 4) . Muscularis mucosae or submucosal tissue involvement was noted in 27 patients ( Figure 5 ). Intestinal metaplasia was seen in the biopsies of two patients. H. pylori organisms were not detected by immunohistochemistry in any of the patients.
Gastric Eosinophils in Controls
Figures 6a and b illustrate the eosinophilic content typically found in the antrum and corpus of control subjects. The mean eosinophil count for the 135 control patients (84 women, or 62.2%; median age 50 years, range 4-81) was 15.5±16.8 SD eosinophils/mm 2 (range 0-110). Only one of the controls (a 56-year-old woman of Japanese origin) had a mean count of 110 eosinophils/mm 2 . All other controls averaged fewer than 55 eosinophils/mm 2 . There were no significant differences between the counts in biopsies from the antrum and corpus, and no significant variation by either age or geographic location (data not shown). The median density of eosinophils in age-and sex-matched patients with H. pylori infection or Crohn's disease was lower than in normal controls (15.8 and 9.5 eosinophils/ mm 2 , respectively, vs 25 eosinophils/mm 2 in subjects with a normal stomach). However, both mean density and standard deviation were higher, reflecting the presence of a few patients with elevated counts (up to 203-219 eosinophils/mm 2 ) in each of these two groups.
Histopathological Findings in other Parts of the Gastrointestinal Tract
Of 23 patients with esophageal biopsies, 14 met the histological criteria for eosinophilic esophagitis;
19 of 18 patients with concurrent duodenal biopsies two had increased eosinophils. None of the three patients with colonic biopsies had mucosal eosinophilia.
Discussion
An increased eosinophil count in gastric mucosal biopsies represents a rare and often baffling finding. One of the aims of our study was to identify a set of histological features that could serve as a foundation for the development of diagnostic criteria for eosinophilic gastritis. As the normal content of eosinophils in the stomach has not been thoroughly investigated, we first determined the normal eosinophil counts in the antrum and corpus of subjects with a normal stomach. In the Kalixanda study, Talley et al 9 found a mean peak eosinophil count of 12/5 HPF in biopsies from the cardia, body, and antrum of asymptomatic adult volunteers from northern Sweden. In 19 children from Ohio, whose gastric biopsies had been previously reported as 17 To account for as many of these variables as possible, we counted the tissue eosinophils in two to three controls matched for age, sex, and ZIP code, who had gastric biopsies diagnosed as unremarkable. Our results are in agreement with those of Tally and DeBrosse. 7, 9 The mean ( ± SD) eosinophilic count in 135 subjects with normal gastric mucosa was 15.5±16.8 eosinophils/mm 2 , and the peak density was around 50 eosinophils/ mm 2 . Only a single normal control subject had counts that exceeded this value. Also, we found no significant differences related to sex, age, or area of Infiltration of the gastric epithelium was scored as follows: 0 (none), 1 (rare or mild), or 2 (marked or abundant). Figure 1 Antral biopsy with marked eosinophilic infiltration within the lamina propria (Hematoxylin and eosin, original magnification 200 Â ).
residence, and the eosinophil counts were similar in antral and corpus biopsies. As H. pylori gastritis and Crohn's disease have been associated with increased gastric eosinophils, we studied two control groups of patients with these conditions. The majority of patients with chronic active H. pylori gastritis and Crohn's disease had mucosal eosinophilic counts similar to our normal controls, but in each of these two groups there were a few patients with high counts (up to 203-219 eosinophils/mm 2 , respectively). Eosinophilic gastritis would be an unlikely consideration in patients with H. pylori infection. However, in patients with moderately high eosinophil counts in their gastric mucosa, the possibility of Crohn's disease should be entertained and the relevant clinical history should be obtained.
The next step was to determine a sensible threshold above which eosinophilic gastritis could be considered. The mean count ( ± SD) in our study patients was 653±418 eosinophils/mm (or 30 per HPF) was because pathologists tend not to report tissue eosinophilia below such threshold. However, the fact that only one of 135 controls whose biopsies had been diagnosed as normal had more that 54 eosinophils/mm 2 supports the contention that elevated gastric eosinophilic counts in the general population are indeed extremely rare.
During the 2 years covered in this study, 2525 unique patients with both esophageal and gastric biopsies examined in our laboratory, and had a histological diagnosis consistent with eosinophilic esophagitis (ie, 415 eosinophils per HPF in the esophageal squamous mucosa, eosinophil degranulation, microabscesses, and other compatible epithelial features). 19 However, the prevalence of gastric involvement in these patients was o0.6%. Only 14 of these patients (all reported in this series) had also significant eosinophilic infiltrates in the stomach. None of the control patients' esophageal biopsies demonstrated increased eosinophils. This low prevalence suggests that these two conditions are likely not related. Two study patients also had an eosinophilic infiltrate in the duodenum; such cases could be classified as eosinophilic gastroenteritis. 20 Furthermore, our data are in agreement with a recent article reporting on the rarity of eosinophilic gastroenteritis. 21 The term secondary eosinophilic gastritis, rarely used outside the context of classifications, implies that the reasons for the eosinophilic infiltrates in the gastric mucosa are known. These may include infection with Anisakis spp., 13 Strongyloides stercoralis,
22
H. pylori, 23 infections, 24, 25 after H. pylori treatment, 11 drugs, 12 connective tissue diseases, hematopoietic disorders, and food allergy. It must be emphasized, however, that with the exception of tissue eosinophilia associated with nematode larvae, connective tissue diseases, and hematopoietic disorders, all other associations are putative, based solely on individual case reports or small series. In our series, we could not document a specific etiology for the gastric eosinophilia in any of the patients. In one case, the referring clinician emphasized the use of meloxicam by patient as a cause for erosive gastritis, and the reporting pathologist indicated that as a possible cause for eosinophilia. However, there are only rare reports eosinophilic infiltrates associated with this drug, all limited to the lungs. 26 Primary eosinophilic gastritis may be found in association with a generalized infiltration of eosinophils in other segments of the digestive tract; it is also referred to as idiopathic or allergic gastroenteritis and is typically considered a pediatric condition.
14,27 However, our data suggest that isolated Figure 6 Antral (a) and corpus (b) biopsy from a normal control. There are five or fewer eosinophils per high-power field in the lamina propria, and there are no eosinophils within the epithelium (hematoxylin and eosin, original magnification 600 Â ).
histological eosinophilic gastritis exists in both children and adults. The clinical information available to us was somewhat limited and we had no access to relevant laboratory data, such as peripheral eosinophil counts and serum IgE immunoglobulin levels. This limitation, in addition to the wide variety of nonspecific presenting signs and symptoms reported by our patients and the lack of distinctive endoscopic characteristics, makes it premature to propose integrated clinicopathological criteria to define eosinophilic gastritis as a new entity. However, on the basis of impressive histopathological findings demonstrated in this series, we recommend that the term 'histological eosinophilic gastritis' be used for the diagnosis in patients who: (1) have gastric biopsies that show an average density Z127 eosinophils/mm 2 (or Z30 eosinophils per HPF on microscopes equipped with wide-lens oculars) in at least five separate HPFs; and (2) have no known associated causes of eosinophilia (eg, H. pylori infection, Crohn's disease, parasitic infections, and hematological or lymphoid disorders). If regularly reported, it may become possible to analyze clinicopathological information from a sufficient number of patients and detect common features, which in turn will help generate testable etiological hypotheses.
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